defined as the product of the largest dimensions in all 3 dimensions divided by 2 at the time of diagnosis and at the last follow-up imaging study and is reported in cubic centimeters. Frontal and occipital horn ratio (FOHR) and third ventricular width were measured on axial imaging and were reported in millimeters at the same time points. Frontal and occipital horn ratio is a linear measure that has been shown to correlate well with ventricular volume and is simple to obtain. 12 Statistical analysis was performed using commercially available software (SPSS version 21, IBM SPSS) to perform the Shapiro-Wilk test, paired and unpaired Student t-tests, Wilcoxon test, Mann-Whitney Utest, and ANOVA with Bonferroni and Scheffé post hoc analysis, where appropriate.
Results

Patient Characteristics
A total of 44 patients (27 males and 17 females) with tectal plate gliomas, evaluated between 1995 and 2012, were included in this study ( Table 1) . Age at the time of diagnosis ranged between 2 and 19 years old, with a mean age of 10.2 ± 4.3 years. Seven patients (15.9%) had a history of neurofibromatosis Type 1 (NF1; 4 males and 3 females). The most common presenting symptom was headache in 22 patients (50%). In one-quarter of patients, the tectal plate glioma was found incidentally. The mean clinical and radiological follow-up was 7.6 ± 3.3 years (median 7.9 years, range 1.5-14.7 years) and 6.5 ± 3.1 years (median 6.5 years, range 1.1-14.7 years), respectively. Cerebrospinal fluid diversion was performed in 36 patients (81.8%). Four patients (9.1%) underwent biopsy of the lesion. In 2 of these patients the pathology was consistent with pilocytic astrocytoma, and in the other 2 patients the tissue was nondiagnostic. Of the patients with pilocytic astrocytoma, one patient with a history of NF1 underwent chemotherapy at another institution. The other patient underwent endoscopic biopsy of a tumor with a large cystic component and was treated with Gamma Knife surgery that was complicated by mesencephalic hemorrhage months later, resulting in cranial nerve deficits, right hemiparesis, and rubral tremor that gradually improved. One patient underwent resection, subsequent re-resection of an enlarging residual tumor, and radiotherapy after the patient presented with tumor enlargement and progressive symptoms 5 years after initial diagnosis. Pathology was consistent with pilocytic astrocytoma (Fig. 1) . One patient without a history of neurofibromatosis underwent chemoand radiotherapy without prior biopsy. At last follow-up all patients in this series were alive without significant neurological sequelae (Figs. 2 and 3).
Imaging Characteristics
On radiological examination, tectal plate gliomas most commonly showed T1-weighted isointensity (71.4%) and T2-weighted hyperintensity (88.1%). However, in approximately 30% of the cases, the T1-weighted images were either hyperintense (14.3%) or hypointense (14.3%). Gadolinium-enhanced MRI revealed enhancement in only 19% of the cases. The majority of the lesions neither enhanced (81%) nor showed cystic components (88.1%).
Imaging characteristics were unavailable in 2 patients (Ta ble 2).
Tumor Volume
The mean volume at presentation and last follow-up was 1.6 ± 2.2 and 2.0 ± 4.4 cm 3 , respectively (p = 0.628). One patient did not have imaging follow-up and another underwent resection of the tumor. Both were excluded from statistical analysis. Patients without neurofibromatosis had a significantly larger final tumor volume than neurofibromatosis patients (p < 0.01). Of the tumors that decreased or increased, the volume change was significant (p < 0.001 and p < 0.01, respectively) and the final tumor volume was significantly greater in patients with tumor increase than in patients with tumor decrease (p < 0.05). The initial tumor volume was not significantly different between tumors that increased and tumors that decreased in size over time. None of the other variables in Table 3 had any effect on tumor volume.
Management of Hydrocephalus
Thirty-six patients were treated with CSF diversion, 18 with endoscopic third ventriculostomy (ETV) (42.9%) and 16 with shunt placement (38.1%). The type of CSF diversion was at the discretion of the treating neurosurgeon. One patient had a failed ETV followed by shunting and one patient underwent shunting followed by successful ETV. Both were excluded from statistical analysis. Eight patients did not receive any CSF diversion ( Table 4 ). All patients had a decrease in their FOHR (p < 0.001). Specifically, patients with CSF diversion and the subset of patients who underwent ETV had a significant decrease in FOHR (p < 0.001). The lack of significant decrease in FOHR in shunt-treated patients (p = 0.388) can potentially be explained by the fact that 11 of the 15 patients underwent initial imaging after shunt placement. In regard to symptoms, patients with headache had a higher FOHR compared with patients without it (p < 0.01).
Regarding third ventricular width, all patients had a decrease (p < 0.05). Specifically, patients who underwent CSF diversion and the subset of patients who underwent ETV had a decrease in width (p < 0.01 and p < 0.05, re-spectively). Patients who underwent ETV had a larger initial third ventricular width than shunt-treated patients (p < 0.05). Again, since preoperative imaging was unavailable in 11 of 15 patients who underwent shunting, no decrease was found in that subgroup and may be explained by the aforementioned reasons. Patients with headache had a greater initial third ventricular width than patients without headache (p < 0.05).
Discussion
Tectal plate gliomas represent approximately 5% of pediatric brainstem gliomas, 4 and, unlike diffuse pontine gliomas, have a more favorable prognosis and remain clinically and radiologically stable for years after CSF diversion. 4, 7, 8, 13 Magnetic resonance imaging demonstrates a focal, well-circumscribed, bulbous lesion deforming the quadrigeminal plate above the cerebral aqueduct that may have a posterior exophytic component that extends beyond the tectal plate. 3, 4 The histopathology is commonly benign and includes nonneoplastic hamartoma 11, 21 as well as lowgrade astrocytomas such pilocytic 2, 14, 16 and nonpilocytic astrocytomas, 5, 14, 20, 22 mixed gliomas, 14 and rarely more aggressive tumors such as anaplastic astrocytomas. 14 In one study of tectal plate lesions that were resected for radiological progression, pilocytic astrocytoma was the most frequent pathology (36%) followed by fibrillary astrocytoma (21%), oligoastrocytoma (14%), ganglioglioma (7%), and high-grade astrocytoma (7%). 21 Tectal plate gliomas typically behave in a benign and indolent fashion, and only a small number will exhibit progression, result in new neurological symptoms, and require treatment including surgery, radiation therapy, and chemotherapy. 2, 5, [13] [14] [15] [20] [21] [22] The challenge in the management of tectal plate gliomas remains in the uncertainty of knowing which tumors will eventually exhibit clinically significant growth. In our study, 44 patients diagnosed with tectal plate glioma on MRI underwent follow-up clinically and radiologically for a mean of 7.6 years and 6.5 years, respectively. Only a minority of patients required intervention aside from CSF diversion. There was no significant increase in tumor volume during the time of radiological follow-up overall. Patients without neurofibromatosis had a significantly larger final tumor volume compared with neurofibromatosis patients, indicating an even more benign course in these patients. 19 Furthermore, the increase in tumor volume was significant in patients who experienced tumor growth, but there was no significant difference in initial tumor volume between patients with and without tumor growth. Thus, initial tumor volume did not appear to be a predictor of future tumor growth.
Other studies have associated certain imaging charac-teristics including contrast enhancement or cystic changes with radiographic progression and found a correlation of tumor volume at presentation with tumor enlargement. Ternier et al. found that tumor volume at referral was around 11 cm 3 in patients who underwent resection compared with around 2 cm 3 in those who did not. 21 The mean tumor volume in their study was larger than 5 cm 3 , considerably larger than in our study, which is likely the explanation for the higher rate of resection (35%) compared with our study. Patients treated conservatively had tumor volume comparable to our study patients, which is also more in line with tumor volumes reported by others. 1, 3, 22 The significance of radiological progression is controversial, as progression without concurrent development of clinical symptoms has been observed in a large number of patients with tectal plate gliomas. 1 In regard to imaging characteristics, our study confirms the findings of others that tectal plate gliomas are frequently isointense on T1-weighted images, hyperintense on T2-weighted images, and have a low rate of contrast enhancement. 3, 4, 21 None of these imaging features was predictive of tumor enlargement in our study.
Due to the indolent nature of tectal plate gliomas in the majority of cases, treatment of hydrocephalus is the mainstay of surgical treatment. Endoscopic third ventriculostomy has proven to be an effective method of CSF diversion 17, 23 and allows for biopsy of the tumor or even partial resection in selected cases. 4 Long-term ETV success rates for this entity of greater than 70% up to around 90% have been reported. 6, 9, 18 In our study CSF diversion resulted in a significant decrease in ventricular volume and third ventricular width. The inability to demonstrate an effect on ventricular size in patients who underwent shunt treatment was explained by the lack of available preoperative imaging in a large portion of those patients. This is in line with the observation that the most significant reduction in ventricular size in patients with tectal glioma who undergo ETV occurs early, within 1 year, with only modest reduction thereafter. 17
Conclusions
The results of this study support existing evidence that tectal plate gliomas, particularly if their volume is around 2 cm 3 , have an indolent clinical and radiographic course and rarely require any intervention beyond management of hydrocephalus and radiological observation. Both ETV and shunting are reasonable options for CSF diversion and result in a decrease in ventricular size.
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